ITHIN the framework of the density functional theory (DFT), a theoretical study of the structural features of nanocrystals doped by an atom of foreign elements was carried out. Nanotubes of boron nitride (BN (3.3)) and carbon nanotubes (CNT (3.3)) were chosen as the objects of a current comparative study. Based on quantum chemical calculations using the WIEN2k code, the band gap theory and density of states for BN (3.3) and CNT (3.3) are determined according to the theory of DFT. Further, with the substitution of one Zr atom in the BN (3.3) and CNT (3.3) lattice, the band structure of the BN (3.3) + Zr and CNT (3.3) + Zr systems as well as the changes occurring in them are investigated.
Introduction
Computational methods based on quantum mechanical calculation show significant contribution for studying many systems and molecules [1] [2] [3] .
It is now widely applied in many systems and interactions [4] [5] [6] . The field of applications is ranged from chemistry, biology, and physics to emerging materials whereas such computational work could provide structural, chemical and biological properties of the studied systems and interactions [7] [8] [9] [10] . The main application of computational methods is to assign and describe certain experimental phenomena and/or start certain phenomena in which the experimental resources are limited or unavailable [11] [12] [13] .
Using the density functional theory (DFT) method [14] and the multi-purpose software package WIEN2k [15] , a quantum chemical study of the electronic structure of BN (3.3) and CNT (3.3) was carried out. The goal of quantum chemical calculations using the DFT method was to determine such important BANT characteristics as the band gap and the density of states before and after doping.
Currently, quantum chemical calculations within the framework of the density functional theory (DFT) are used to study a wide range of theoretical and applied problems in condensed matter physics, biochemistry and nanotechnology. The essence of the density functional theory is that the energy of the ground state of a system of interacting particles in a given external field is represented as a single-valued functional that depends only on the particle density ρ (r). In other words, all properties of the electronic structure of a system in a nondegenerate ground state are completely determined by its electronic density. The electron density functional theory is based on the theorem of and Kohn [16] , according to which all properties of the ground state of a nonhomogeneous interacting electron gas can be described by introducing some functional of electron density ρ (r). Instead of the usual Hamiltonian of the system, a functional of the following structure is introduced in equation (1): Thus, in order to find the total energy of the system E, it is not necessary to know the wave ] [ρ E functions of all electrons; it is enough just to determine a certain functional and find its minimum. In this case, the functional ] [ρ G is universal and does not depend on the external field.
Materials and Methods

Calculation methods and Structures
The WIEN2k package makes it possible to implement DFT to solve physical problems, such as computing the electronic structure and total energy of the system, determining atomic parameters of force fields, spin-polarized bonds and antiferromagnetic effects, spin-orbit interactions, charge density, etc. [17] .
Structural characteristics of BN (3.3):
The boron atoms and nitrogen in BANT are linked by ionic bonds, where the bond length between the boron and nitrogen atoms is about 1.471 Å. The crystal constants for nondoped BANT have the following meanings: a = 7.59240Å, b = 7. 59240Å, c = 7.53360Å, with angles α = β = γ = 90 ° and the space group 11_P2 / m, and for the doped BANT a = 7.59240Å, b = 7. 59240Å, c = 12.75500 Å, with angles α = β = γ = 90 and space group 6Pm. Fig. 1 shows the structure of BN (3,3) -nanotubes before and after doping with zirconium.
As part of the DFT and the WIEN2k package, each atom is surrounded by a muffin sphere (Mufftin; MT). In this case, the common space is divided into two areas (Fig. 1) . One area consists of the inside of these non-overlapping spheres, and the second part of the space has the form of an intermediate area. The radii of the MT spheres are, respectively, 1.31a 0 for B, 1.45a 0 for N, where a 0 is the Bohr radius. For the BN + Zr system, the radii of the MT -spheres are 1.31a 0 for B, 1.45a 0 for N, and 1.3 a 0 for Zr, where a 0 is the Bohr radius.
Structural characteristics of CNT (3.3)
The carbon atoms in CNTs (3. The radii of the MT spheres for the CNT system (3.3) are 1.33 a 0 , where a 0 is the Bohr radius. For a CNT system (3.3) + Zr, the radii of the MT-spheres are 1.33 a 0 for C and 1.3 a 0 for Zr, where a 0 is the Bohr radius. Fig. 2 shows the structure of CNT (3.3) before and after doping with Zr.
Below, atomic geometry optimization for BN (3.3) and CNT (3.3) is performed at the k-point of the Brillouin zone, generated by uniform grid parameters 1 × 1 × 1, and for the BN system (3.3) and CNT (3, 3) doped Zr is 1 × 1 × 5.
Results and Discussion
The results of calculating the electronic band structures for the BN (3.3) and CNT (3.3) systems before and after doping are expressed in terms of the density of states (DOS) before and after doping. The effects of exchange correlation are described THE QUANTUM-CHEMISTRY CALCULATIONS OF ELECTRONIC STRUCTURE ... by the generalized gradient approximation (GGA) proposed by Perdew -Burke -Ernzerhof (PBE [18] ).
Calculation results for the BN (3.3) system
Below, using the DFT method and the WIEN2k package, we present the results of studying the electronic structure of BN (3.3) , where the band gap and the density of states are determined.
The band gap for a BN nanotube (3.3) calculated in the local density approximation (PBE) using the GGA method is 4.25 eV. After doping of Zr, the band gap decreases to 0.6 eV.
The results of calculations in the framework of PBE, by definition, the band gap of BN (3.3) before and after doping are given with the help of Fig. 3 (a, b) . Dotted lines correspond to Fermi levels.
Thus, the study shows that the doping of Zr in BN (3.3) has a significant effect on the modification of their electronic properties, that is, the BN system (3.3) after doping dominates the semiconductor property. In addition, after doping, a new gap appears in the region with negative energy values near the Fermi level. 
Calculation results for CNT (3.3) system
The results of the calculation of electronic characteristics in the framework of WIEN2k-DFT, using the GGA method, completely confirm BN (3,3) (b) BN (3,3) nanotube doped with Zr atom.
that CNT (3.3) is a material with zero bandgap, which is explained by the metallic nature of CNT (3.3).
After doping with Zr atoms, the band structure of the CNT system (3.3) changes, that is, the doping process has a significant effect on the band structure of CNT (3.3). As a result, a gap appears with values of 0.5 eV (Fig. 4) . CNT (3,3) (b) CNT (3,3) nanotube doped with Zr atom.
As can be seen from Fig. 4 (a, b) , the doping process significantly affects the electronic structure of the CNT (3.3) , that is, the metal CNT (3.3) after doping is also dominated by the semiconductor property.
Comparison of the results of the band structure of BN (3.3) and CNT (3. 3)
The results of calculations with the help of the WIEN2k package using the DFT theory and the GGA method show that the forbidden zone for undoped BN (3.3) is too large, which is explained by its dielectric nature. However, after doping, a sharp decrease in the band gap in the BN (3.3) + Zr system is observed. As a result, the system dominates the semiconductor properties.
The results of the calculation of the electronic characteristics of CNT (3.3) using the GGA method completely confirm the metallic properties Based on the data of the electronic properties of BN (3.3) and CNT (3.3), in the future it is possible to study the multiscale dynamic and structural properties of other materials and their proposal for use in various fields. As it became clear to us, alien atoms have a strong effect on the electrical conductivity of nanocrystals.
Conclusion
This paper presents the results of quantummechanical calculations using DFT and using the WIEN2k software package of the electronic state BN (3.3) and CNT (3.3) with the aim of studying the effect of Zr on their electronic properties. The results showed that Zr has a strong influence on the possibility of increasing the conductivity of BN (3.3) and vice versa reducing the conductivity of CNT (3.3) . This study will serve as the basis for further work that will lead to an understanding of the role of substitution atoms (like Zr) on the electronic properties of BN (3.3) and CNT (3.3), which are used in modern semiconductor technology, nanomedicine, nanoelectronics, in field emission devices, etc. This study, on the one hand, indicates the possibility of changing the properties of nanocrystals, on the other hand, it indicates the difficulties of technology in the manufacture of semiconductor materials with desired characteristics.
The results can be used to verify theoretical and experimental data for the further development of BN (3.3) and CNT (3.3) for such important aspects as containers for the delivery of biomolecules and drugs in living cells [19] .
